The simple extension tear test-piece also referred to as the trousers sample is widely used to study crack propagation in rubber. The corresponding energy release rate, called tearing energy for rubber materials, was first established by Rivlin and Thomas (J Polym Sci, 10:291-318, 1953); a second derivation was proposed later by Eshelby (In G.C. Sih, H. C. van Elst, and D. Broek, editors, Prospects of Fracture Mechanics, 69-84, Leyden, 1975). We show here that the derivation of this result can be advantageously revisited through the scope of Configurational Mechanics. Our approach is based on the rigorous definition of the configurations of the body and on the physical significance of the configurational stress tensor. More precisely, it is demonstrated that the change in energy due to crack growth, and then the tearing energy, is directly related to the components of the configurational stress tensor in the body.
Introduction
In his seminal paper, Griffith (1920) proposed a criterion to determine the amount of energy involved during crack propagation in brittle materials. Denoting dU (<0) the change of total energy (change of strain energy and work of external forces) and d A the increase in crack surface during crack growth in the body, the energy release rate G is defined by
and the crack growth criterion can be simply written as
where G c is a critical value of the energy release rate directly related to the surface free energy of the material. It should be measured in experiments. More than 30 years later, Rivlin and Thomas (1953) extended the Griffith theory to rubber-like materials considering the following assumptions:
(a) the approach of Griffith is valid for large strain (in fact, no restriction was formulated in the original paper of Griffith), (b) irreversible changes in energy due to crack growth take place only in the neighbourhood of the crack tip, (c) the change in energy is independent of the shape and dimensions of the body. Then, authors defined the tearing energy T , i.e. the counterpart of G for rubberlike materials, by
where w is the strain energy, A is the crack surface and the suffix · l denotes differentiation with constant displacement of the boundaries over which forces are applied. Considering thin samples (uniform thickness h 0 ) and denoting c the length of the crack, the tearing energy reduces to
and the corresponding crack growth criterion is simply T > T c , T c being the critical value of the tearing energy that only depends on the material. Nevertheless, due to assumption (b), T c cannot be directly related to the surface free energy of the elastomer. Moreover, the correctness of the above-mentioned assumption (c) was investigated by several authors by making tearing measurement on thin test pieces of different shapes but of the same material, and examining the constancy of T c values obtained (see Thomas (1994) and the references herein).
In their paper published in 1953, Rivlin and Thomas proposed several experimental samples to perform crack propagation experiments in rubber. One of these samples is the simple extension tear test-piece also referred to as the trousers sample. Authors calculated the corresponding expression for the tearing energy and used this sample to measure the critical value of the tearing energy. Later, Eshelby (1975b) considered the same test-piece to illustrate the relevance of pathindependent integrals for the calculation of configurational forces that drive the evolution of singularities. In his paper, Eshelby proposed a second derivation for the tearing energy of the trousers sample. The present paper discusses a third derivation of this result. It is demonstrated that the tearing energy of the simple extension tear test sample can be easily recovered using the general theory of Configurational Mechanics and more precisely the definition of the configurational stress tensor. Previous derivations are first recalled. Then, our proposal is detailed.
Description of the problem
The sample is a rectangular thin sheet of length b and width 2a; the thickness h 0 is uniform. The test piece The sample geometry is presented in Fig. 1 .
The description of the problem is based on the Fig. 2 . Both the notations proposed by Rivlin and Thomas (1953, p. 302 ) and the three-dimensional sketch of Greensmith and Thomas (1956, p. 373) (considered later by Eshelby (1975b, p. 76) ) are adopted. In the following, the emphasize is laid on the rigorous definition of body configurations. The initial position of the sample shown in Fig. 1 is adopted as the reference configuration (C 0 ) (see Fig. 2a ). During the experiments, the 'legs of the trousers' are first spread; then, the force F is applied to the legs to produce tearing. It leads to the definition of the deformed configuration (C) as shown in Fig. 2b . In this configuration, the separation between legs extremities is l and the thickness h of the piece is no longer uniform. We consider now that the crack length increases by dc in the deformed configuration, the force F being kept constant. Thus, after unloading, i.e. F = 0, the sample occupies a new reference configuration (C 0 ) depicted in Fig. 2c . The motion between (C) and (C 0 ) is defined by its deformation gradient f.
